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第 2 章では、本研究で用いた実験手法(準大気圧 X 線光電子分光法(NAP-XPS)、質量
分析法(MS)、低速電子線回折)について、それぞれの原理と特徴を述べる。 
第 3章では、Ir(111)モデル触媒に排ガス成分の NO+COガスを導入しながら活性と触





第 4 章では、Rh(111)モデル触媒上の NO+CO 反応のオペランド計測を行った結果に
ついて述べる。NO の解離とともに還元反応が開始するが、Ir と同様に N2の生成が律
速段階であることが分かった。実験結果に基づいて速度論解析を行い、副生成物の N2O
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Although catalysts are widely used in environment and energy fields, the overall catalytic reactions are 
still unclear. The conventional experiments for the catalysis under ultra-high vacuum conditions 
sometimes could not reproduce the reaction conditions of realistic catalysis. In this study, operando 
observations of nitric oxide (NO) reduction by carbon monoxide (CO), which is one of exhaust gas 
purification reactions of automobiles, under near ambient pressure (NAP) conditions were conducted. 
This approach revealed the key factor of catalysts activation and reaction mechanism such as 
rate-limiting step and reactive species. Based on comparison of nitrogen (N2)/nitrous oxide (N2O) 
selectivity between Ir and Rh, a new perspective of the factor determining the N2/N2O selectivity is 
proposed. 
 
In Chapter 1, the scientific background and the purpose of this study are described. After previous 
surface science studies including heterogeneous catalysis are reviewed, in particular NO reduction 
related to this work is described. Based on the discussion, the purpose of this study is given. 
In Chapter 2, the principle and the feature of each experimental technique used in this study (NAP 
X-ray photoelectron spectroscopy (XPS), mass spectrometry (MS), and low-energy electron diffraction) 
are explained. 
In Chapter 3, the results of operando NAP-XPS and MS observations of NO reduction by CO on 
Ir(111) surface are shown. On Ir(111), it is found that the rate-limiting step is not dissociation of NO which 
has been proposed previously but N2 production by recombination reaction of atomic N produced by NO 
dissociation. N2 is produced via two reaction paths, recombination of N and disproportionation of N and 
NO, and the reactive NO species for this reaction is revealed. 
In Chapter 4, the results of operando observations of NO reduction by CO on Rh(111) surface are 
described. The catalysts were activated simultaneously with NO dissociation and it was found that the 
rate-limiting step of the reaction is the production of N2 in the same way as Ir. From reaction kinetics 
analysis for the experimental results, the reactive NO species for N+NO reaction is revealed. It is 
indicated that the adsorption site of reactive NO for N+NO reaction and the existence of vacancy site 
could be the factors for N2O production. 
In Chapter 5, the findings obtained in this research were summarized and the conclusion of this thesis 
is presented. Moreover, future perspective of mechanistic studies on NO reduction is described. 
